Purpose -The purpose of this paper is to estimate the determinants of the retail space rent in Shanghai. Design/methodology/approach -Hedonic model and spatial regression models are used in the paper. The problem of spatial autocorrelation is tested by Moran's I statistics, and the root mean square error (RMSE) test is performed to find out the best model.
Introduction
The research about real estate rent is important because both property owners and tenants are concerned, and the investors take the rent into consideration when they make decision to invest or not. Reviewing the previous research about rent estimation, the research about rents in retail properties is limited. The retail rental market is more complicated than the other types of property market such as office and residential because more factors are affecting the retail rent such as anchor tenant and the brands mix. As the retail market in Asia develops at a rapid pace, most of retail space rental contracts are signed in a risk shared way: using the percentage of sales to pay as rent, but very few literatures about it are found. As the most developed city in China, Shanghai has been exhibiting the tremendous potential in the retail market. According to the data from the National Bureau of Statistics of China, the gross domestic product (GDP) and GDP per capita in Shanghai in year 2007 (1,219 billion RMB and 66,367 RMB respectively) are 45 times and 27 times of that in year 1978. The strong economy is the critical factor of retail business development according to the researches by Tsolacos (1995) Hanna et al. (2007) and . Under this background, development of the retail business in Shanghai has been keeping strong in the past 20 years. As the Figure 1 shows, the total retail turnover of Shanghai in year 2007 (384.8 billion RMB) is 71 times of that in year 1978. Moreover, the knowledge in geography is now increasingly widely applied to urban economics, especially in real estate economic research, but spatial econometrics techniques are seldom mentioned in the previous research pertaining to retail rent, more research should be done to fill in the blank. Sirmans and Guidry (1992) demonstrate the significant impact of characteristics and location of the retail property on the rent. In their research, panel data in the US is used. The variables used in their paper are as follows:
Literatures review
In this model, explanatory variables are separated into four types:
(1) The variables "draw" include "the area, age and anchor tenants' types".
(2) The variable "design" describes the configuration of retail building.
(3) The "LOC" means the location.
(4) The "MKT" means the market condition which includes the external amenities and the economy condition.
Similar research is conducted by Hui et al. (2007) to investigate the retail rent in Hong Kong, the variable of retail types is significant in their paper. In the paper of Hui et al. (2007) , more variables are taken into their model, explaining power of vacancy rate is estimated to be insignificant in Hong Kong retail market. This contradicts with the research from Sirmans and Guidry (1992) and Hardin et al. (2001) which focus on the retail market in the USA. To investigate the explanation power of vacancy rate, instrumental variables and two stage models are employed by Hardened et al. (2002) .
In their paper, a database on the USA is used; the vacancy rate is treated as endogenous variable and instrumented. Significant and negative impact of vacancy rate on rent is detected. In research from Jackson (2000) , cluster analysis technique and panel data from the UK are used to suggest a better retail market classification which has economics meaning. The influence of nearby retail properties is investigated by Hardin and Wolverton (2001) by using cross-section dataset in the USA. To take care of the spatial autocorrelation in retail rent research, weighted least squares (WLS) model is proposed by Carter and Haloupek (2000) . With this background, we research the determinants of rent for retail space in Shanghai. 
Methodology

OLS model
Ordinary least square (OLS) model is built to estimate the determinants of retail rent. All the explaining variables discussed in Sirmans and Guidry (1992) and Sirmans et al. (1996) are chosen except the vacancy rate because of the lack of information about it.
The model is constructed as follow:
The dependent variable Y, independent variables LTA and LRA equal to the nature logarithm of retail rent, total area and retail area respectively. DGi is dummy variable for the districts constructed by the government. T j is dummy variable for different type of retail and DTCk means the distance from the property to the centre of the city (CBD or sub centre). In the second model, new classification (Di) of districts is proposed to take the place of the variables as follow:
The variables TA, RA, Age and NoL are integrated with the dummy variables Di and Tj in model (4):
The coefficients of integrated variables can be interpreted as the marginal effect of the retail property characters on the retail rent for different districts and different type.
Spatial autocorrelation
Once spatial autocorrelation exists, the variance of the error term from OLS model will not be constant among different regions, the OLS model became inappropriate in capturing variation (Anselin, 1988) . The problem of spatial autocorrelation can be detected by testing the statistics of Moran's I (Moran, 1948 (Moran, , 1950a . When Moran'I equals to 0, the problem of spatial autocorrelation is convinced to be not bothering the estimation. Once the problem of autocorrelation is detected, the spatial autoregression (SAR) model can be estimated. To perform the Moran's I test and construct the SAR model, a spatial weight matrix which is exogenous to the regression model should be built to measure the spatial correlation (Manski, 1993) . In this paper, the elements of the weight matrix are specified as inverse-distance matrix (Anselin, 1988, Ch. 8) .
Spatial regression models
Spatial regression model (Cliff, 1981; Anselin, 1988 ) is built as follows:
The Y is the independent variable expressed as a N x 1 vector, W1 and W2 are weight matrixes, W x Y is a N x 1 spatial lag vector which indicate the influence from the other observations, and is the coefficient of the spatial lag. X is a N x M matrix with M explanatory variables and N observations, and is an 1 x M vector coefficients of explanatory variables. u is the residual of the regression model with spatial correlation and p is its coefficient, is the independent error term without any spatial correlation. In expression (5), when When However, the vector of W1Y is not exogenous of the model, so maximum likelihood estimation (MLE) proposed by Cliff (1981) should be used.
Data description
The cross-section database is provided by real estate service company CB Richard Ellis branch in Shanghai. It contains information about 109 retail properties in Shanghai in August 2009. Table I gives the statistics description about it. In the previous research about retail rent estimation, the rent in real term is taken as independent variable in most of the papers (Sirmans and Guidry, 1992, etc.) . Nevertheless, more retail contracts in Shanghai are signed in a risk-sharing way according to the data base. The percentage rent is obtained by multiplying the turnover of tenants per month with a certain percentage specified in the rental contract beforehand. This percentage rent mention above is represented in the table as percentage -t. Some transformations are performed to the dependent variable percentage rent as mentioned above: Y = ln(percentage-t). The dummy variables DGi indicate the government specifying district that the retail property locates in. However, the Shanghai retail market pattern is not divided as the districts planed by government, so the dummy variables D1 to D6 are generated to specify the different location of the properties according to the prosperity level of retail business (Wang et al., 2006; Jackson, 2000) . The rent level is higher in the region where the retail business is highly developed. According to the survey investigation by Wang et al. (2006) the retail market in Shanghai presents a two polar pattern: the turnover per square meter of shop is highest in the regions of Jing An CBD district and Bund area on the west side of the Huang Pu river, and the turnover level decreases as the distance to these two polar increase. The retail rent among the retail properties are expected to follow this kind of pattern, and the dummy variables indicating the location districts are set up according to this pattern. In Figure 2 the districts planed by government are indicated by the characters "MinHang", "LuWan", etc. While the newly constructed districts D1 to D4 are indicated by the circle 1 to 4, and the district D5 are the shaded area with numbers 5, and the rest of the region in the picture is district D6. The rent level also varies among different types of retail: the rent for shopping centres and department stores are expected to be higher than that of trade markets and outlets. Shopping centres and department stores are usually located in the downtown in big East Asian city like Hong Kong and Shanghai, and the price of the space in the city centre is highest. The top grade bands tenants always choose to settle in department stores and shopping centres, so the higher retail rent level is found in department stores and shopping centres. The variable age indicates that the latest renovation and reopen time of the retail property. Some papers (Sirmans and Guidry, 1992, etc.) argue that the age of the retail property is negatively correlated to the rent level because new retail property is usually better than the old ones in architecture design and function. However, the older retail properties may also have an advantage of customer awareness and loyalty, and new open retail property may lower their rent to attract anchor tenants to lease. The two hypotheses will be tested in the paper. The variables Total A and Retail A represent the total area of the whole building and the total area of the retail sector of the building respectively. Bigger retail properties are expected to attract bigger customers' flows because more function and content can be provided in bigger retail property to cater for the customers with diverse needs. The variables Total Area and Retail Area are transformed to their natural logarithm because the estimated parameters can be interpreted as elastic ties. In order to get better control of the spatial correlation, the variables dtocbd and dtobunds6 are generated as independent variables to indicate the distance to the CBD Jiang An district and shopping centre Bund6. The two regions mentioned above have the highest rent level in Shanghai, and the two independent variables are expected to be negatively correlated to the rent level. 
Results analysis
The correlation between some independent variables is high (as Appendix 1 shows), so variance inflation factors (VIF) should be derived to test the multicollinearity. The results from the OLS regression models are shown in Table II . The F -values for Breusch-Pagan test in model (2) is 5.27, indicating that the problem of heteroskedasticity is bothering the estimation in model (2), the robust procedure should be used. After robust, the results of F test for the three models are high (7.91, 206.01 and 28.86 respectively) enough to prove that the explanatory variables are jointly significant. In the first model, about 74 percent of the variation of the dependent variable is explained. The average VIF value is 9.1 (VIF test results can be found in Appendix 2); the multicollinearity is not a problem. The explanatory power of all the dummy variables DGi is insignificant, so better classification should be defined. In the second model where the new districts dummy variables Di are used, around 92 per cent of the variation of the independent variables can be explained. The average VIF for the second model is 8.43, multicollinearity is not a problem.
The marginal effect of age is estimated to be negative (-0.01) and significant. The variables of types of retail are also significant in the second model. If all the other conditions are the same, the rent level in shopping centre and department store are estimated to be the highest. The explaining power of the variables of distance to CBD in Jing An, distance to Bun area, the number of layer, total area and the retail area is insignificant. The dummy variables Di in the second model are all significant in explaining the rent. The region with the highest rent level is indicated by D2 (the district of Jing An CBD). The lowest rent level is found in D6 which is lower than that in D1 by 65.38 per cent. The dummy variables Di are more appropriate than DGi to describe the location in retail research context as the explanatory power is improved and the dummy variables Di are all significant.
Table II. The results from the OLS regression models
In the third model, integration variables are taken into regression. Although all independent variables are insignificant, the explaining power of the third model is the highest (91.17 per cent adjusted R -square). The VIF for the model is 18429, so multicollinearity is a problem (Rosiers and Riault, 2001 ). In such case, the variance of the estimators of the variables will be very high and the estimation of the coefficients of the variables in model become unreliable (O'Brien et al., 2007) . However, the model can be used for prediction purpose and the estimation can be improved if the sample size increases.
Spatial autocorrelation test and spatial regression model
The spatial autocorrelation test shows that when the square inverse distance matrix is used in the test, the statistics of the Z scores increase to 1.62, 1.55 and 1.52 respectively, the effect of spatial autocorrelation is close to significant level. In this case, spatial lag model and spatial error model are constructed to capture the spatial dependency. The spatial lag model and spatial error model are using the same variables as the second model to regress. The reason why the first and the third models are not chosen is that the first model performs poorly in capturing the variation of the rent and the problem of multicollinearity is bothering the third model. As Table III shows, the difference of estimation between spatial regression model and the OLS model is very small, except that the variable of retail area in the OLS model has a positive coefficient while the sign in spatial regression model is negative. To find out the best one to estimate in practice, the root mean square error (RMSE) test is performed (e.g. McCracken, 2000) : 75 observations are randomly selected from the total 85 observations to estimate the new parameters, then the new estimated model is used to predict the residuals in the left ten observations, the new model with the smallest average deviation is selected.
The t-value is within the bracket
The test results are shown in Table IV , and the spatial lag model with the smallest deviation of residuals is finally selected.
Conclusion
The empirical study investigates the determinants of retail rent in Shanghai by taking 85 observations in into regression models. The significant explanatory variables in the models are the age of the property (negative), the types of the retail property and the districts that the property located in. Highest retail space price is found in the district D1 (East Nanjing road) and D2 ( Jing An CBD), shopping centre and department store have higher rent level comparing with the trade markets and outlets. A new classification of district in retail research context is suggested in this paper, and it is proved to be more appropriate in explaining the retail rent variation among different retail properties than the districts set by the government. The degree of spatial autocorrelation is estimated to be close to significant level when using OLS model. The spatial lag model and spatial error model are constructed to estimate the determinants of retail rent, and their results are compared with that from OLS model. In order to find out the most suitable model to estimate in practice, the root mean square error (RMSE) test is performed, and the spatial lag model is selected as the best model to estimate. Although the dataset and regression models give a satisfied result, the estimation process can still be improved by taking more observation into models. In the third OLS regression model, the estimators of the marginal effect of independent variables in different regions and property types are unreliable because of the existence of multicollinearity. More observations are needed to reduce the problem and give a better estimation. 
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